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Introduction
The Helicobacter genus are gram-negative bacteria, and includes more than 20 adequately characterized species to date [1] . These species have been isolated from a number of hosts, such as humans and other primates, pigs, cats, dogs, poultry, and rodents. Moreover, within their hosts, Helicobacter species have been identified from both the gastric and the enterohepatic niches of the gastrointestinal tract. H. pullorum, first detected in the liver and intestinal contents of poultry [2] , has since been isolated from humans with gastroenteritis [3] .
H. bilis and H. hepaticus have been isolated from the liver and the intestinal mucosa from mice, and has been implicated to be associated with rodent chronic hepatitis and liver cancer [4, 5] . H. cholecystus has been identified from the gall bladder of hamsters [6] . H. pylori is the most widely studied species and is associated with human gastric pathology [7] .
The matrix metalloproteinases (MMPs) comprise a family of over 25 members which are secreted from a variety of cells, and are normally found as pro-enzymes in the extracellular matrix (ECM). When these molecules are activated, they participate in degradation of ECM proteins [8] , and allows bacteria to come into contact with and interact with the cells. An enhanced level of MMPs also facilitates metastasis and cell invasion of tumour cells by removal of physical barriers, as well as modulation of cell adhesion and biologic activities of proteins residing in the ECM [9] . MMP-9 (gelatinase B) digests denatured collagens, such as the major component of the basement membrane type IV collagen, and has three repeats of a type II fibronectin domain in the catalytic site, which bind to the substrates including collagens, gelatine and laminin [8] . MMP-2 (gelatinase A) is structurally related to MMP-9 and cleaves ECM proteins such as collagen type I and IV [8] . MMP-7 (matrilysin) is the smallest of all the MMPs consisting of a pro-peptide domain and a catalytic domain [8] . It degrades various matrix substrates, including proteoglycans, elastine, and gelatine, and cleaves non-matrix proteins from the cell surface, including E-cadherin, pro-tumour necrosis 5 factor α and Fas ligand [8] . MMPs can be activated by proteinases, or in vitro, by chemical agents, low pH and heat treatment [8] .
In two gastric epithelial cell lines, MKN45 and MKN28, MMP-9 expression has been shown to be upregulated by H. pylori possessing the cytotoxin-associated gene pathogenicity island (cag PAI), though independent of the vacuolating cytotoxin vacA locus [10] . The cag PAI has also been implicated to associate with upregulation of MMP-7 in colon epithelial cell line HT29 stimulated by H. pylori [11] . However, whether the non-gastric enteric species of the Helicobacter genus is associated with MMP stimulation has not been investigated, though the bacteria have been linked to inflammatory and ulcerative diseases as well as cancer of the enterohepatic tissue [1] . The object of this study was to elucidate the effect on MMP-2, MMP-7 and MMP-9 by enteric and gastric Helicobacter species at protein expression as well as gene expression levels. 
4. Immunohistochemistry
Helicobacter strains 2 × 10 7 CFU was inoculated to 4 × 10 5 cells of HT29, HepG2 or TFK-1.
After 24 hours of co-cultivation, the chamber slides were washed and the cells were fixed with acetone at -20°C for 10 minutes. Slides were then washed in PBS and endogenous were examined on an inverted microscope (Olympus CK40, Tokyo, Japan).
5. RNA isolation, primer design, and reverse transcription-quantitative polymerase chain reaction (RT-QPCR)
Total RNA was extracted from 2 × 
6. Statistics
Mann-Whitney U test was performed to analyze the significance of MMP induction in human cell lines infected by Helicobacter strains compared to uninfected control cells. A p value of <0.05 was considered as significant difference. 
Results

Optimization of conditions for induction of MMP-2, MMP-7 and MMP-9 expression on
ELISA of MMP-2, MMP-7 and MMP-9 on HT29, HepG2 and TFK-1
ELISA revealed significant increase of MMP-2 and MMP-9 expression on HT29, HepG2 and (Fig 3) . (Fig 4 and data not shown).
Immunohistochemistry of MMP-2, MMP-7 and MMP-9 on HT29, HepG2 and TFK-1
RT-QPCR of MMP-2, MMP-7 and MMP-9 in HT29, HepG2 and TFK-1
RT-QPCR analysis revealed higher levels of MMP- to normal or non-metastatic livers [15] have been reported. In animal models, Min (multiple intestinal neoplasia) mice developed adenomas in the small intestine and colon, whereas MMP-7-deficient Min mice resulted in fewer tumors [16] . MMPs promote tissue invasion and metastasis in various cancers through degradation of ECM. The type IV collagenases MMP-2 and MMP-9 have been found to play a key role in the invasive ability of tumors, as basement membrane is composed primarily of type IV collagen [8] . In addition, substrates of MMP-7
include pro-apoptotic Fas ligand. Thus, decreasing the ability to suppress apoptosis may predispose to proliferation and tumorgenesis [17] .
In the present study, expression of Helicobacter-induced MMPs was bacterial dose 
